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Cost of DNA Sequencing

Cost per Genome

$10,000,000

51,000,000

$100,000

$10,000

http://www.genome.gov/sequencingcosts

Reduced Cost and Enhanced Speed of DNA
Sequencing have Created New Opportunities

Number of
Sample in Study
10,000s |New opportunity in personalized medicine
Clinical
Labs
1,000s | New opportunity in pharmacogenomics Forensic
Labs
New opportunity in diagnostics Academic Academic
100s |and re-sequencing Labs Labs
Research Research Research
10 Few new 1 Hospitals Hospitals Hospitals
S onnortunities !

“... ability to sequence DNA at costs that are lower by four to five
orders of magnitude than the current cost ... would revolutionize
iomedical r rch and clinical practi "

- Francis Collins
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Cost of Re-sequence Human Genome




Technical Overview of the NGS
Technologies and Platforms

Major Next Generation Sequencing Platforms

e Roche/454

o lllumina/Solexa

o LifeTech/SOLID (Lake Nona)

o LifeTech/lon Torrent (La Jolla)

o Helicos BioSciences

o Pacific Biosciences




Comparison of Next-generation Sequencing

Platforms

Platform Library/ NGS Run Gb Machine Pros Cons Biological Refs
template chemistry time per cost applications
preparation (days) run (USS)
Roche/454s  Frag, MP/ PS 035 045 500,000 longerreads Highreagent Bacterial and insect D. Muzny,
GS FILX emPCR improve cost; high genome de novo pers.
Titanium mepping in errorrates  assemblies; medium comm.
repetiti inhomo- scale (<3 Mb) exome
regions; fast polymer capture: 165 in
run times. repeats metagenomics
T Frag, MP/ RTs 750r 4%,05  18%, 540,000 Currentlythe Low Variant discovery D. Muzny,
cxa’s GA, solid-phase 100 358 most widcly tipl by whole-g s
used platform  capabilityof  resequencin. comm.
in the field samples whole-exome capture:
gene discovery in
metagenomics
Life/APG’s Frag, MP/ Cleavable 50 78,145 30%, 595,000 Two-base Leng run Variant discove: D. Muzny,
SOLID 3 emPCR probe SBL 508 encoding times ole-genome s
provides resequencing or comm.
inherent error whole-exome copture:
correction gene discoveryin
metagenomics
Polonator MP only/ Non- 26 5% 128 170,000 Least Bacterial genome 5
G.007 emPCR cleavable ing for Edward:
probe SBL variant di y pers.
opensource  and quality comm.
to adapt control
olternative reagents;
NGS shortest NGS
chemistries read lengths
Helicos Frag, MP/ Rls 3z* 8¢ 37* 999,000 Non-bias High error Seq-based methods 91
BioSciences  single representation  rates
HeliScope  molecule oftemplates  compared
for genome with other
and seq-based  reversible
applications terminator
chemistries
Pacific Frag only/ Reol-time 964~ N/A N/A  N/A Has the Highest Full-length S. Turnes,
Biosciences  single greatest error rates transcriptome pers.
(target molecule i i comm.
release: for reads with other complements other
2010) exceeding NGS
1kb chemistries

structural variants and
haplotype blocks

Metzker M Nat Rev Genet. 2010

SOLID Sequencing Technology

o SOLID: Sequencing by Oligonucleotide Ligation

Detection

» SOLID system is a highly accurate, massively parallel next-generation

sequencing platform.
» SOLID v4 system




Next-Generation Sequencing (NGS) Workflow
- Experimental Workflow (Analytical Genomics Core)

e
3
3

e

Sequencing and
Imaging

Template Preparation

o Library construction
» Fragment templates: randomly shearing genomic DNAs into small sizes of

< 1kb
» Mate-pair templates: circularized fragment of >1kb with either single

reaction read or two end read (1kb — 10 kb)
» Paired-end templates: linear fragment with ability to sample both ends in

separate reactions (200 - 600 bp)

o Clonally amplified templates
» Emulsion PCR: Roche/454; LifeTech/SOLid

a Roche/454, Life/APG, Polonator
Emulsion PCR
One DNA molecule per bead. Clon:

cu 1 MICTOreactors in an emulsion
100-200 'n| on beads
W/ V(JR-)‘@:}.

al amplification to thousands of copies oc

PCR Template ]
dssocunor‘ ML o >r5,‘-'c)rf' ?.of'?n

amplification umls jon
"IN
E - 3?5)‘,-'%’-"‘ e

B SRy APx |
3 t = - c:lc
a’ " 4 ’/ g' f" ¥ &/ “":u" ~ o

Primer, template, § % Chemically cross
linked to a s:ﬂiﬁ shde

dNTPs and polymerase
Metzker M Nat Rev Genet. 2010




Sequencing By Ligation Using di-Base
- SOLiD Sequencing Chemistry

a
SOLiD™ substrate

Glass slide

1.Prime and ligate

Primer round 1

bead P1 adapter TA Template sequence

Excite Fluorescence
\

3

3

Di base probes
* Template
2nd base
3'TTnnnzzzs"
5
. 3Tinnnzzzs' | 2
L'A g
m H
3'TCnnnzzz5"
3'TAnnnzzz5"
Cleavage site
3. Cap unextended strands
‘ Phosphatase
/PO{
WLLLLLLE
4. Cleave off fluor
Cleavage agent

Sequencing By Ligation Using di-Base
- SOLID Sequencing Chemistry

5. Repeat steps 1-4 to extend sequence

Ligation cycle 1 2 3 4 5 6 7 .. (ncycles)

ST ST T IT (TS AT YITIe (NPT enTY
AL b s anat S dnna Cany 3

B. Repeat Reset with, n-2, n-3, n-4 primers

Read position 0| 1]2]1|4]5]s

10)

6. Primer reset
ELLRlLLL L
. . A
Universal seq primer (n-1) :
I yrrerrrrreIT . 2.Primerreser ¢ - Melt off extended
) - sequence

bead

11[12|13{14{15(16] 17{18]19(20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31|32{33(34/ 35|

1 Universal seq primer (n)
3 TTITITIITTITITINY

2 Un‘rvear.sal seq primer (n-1)

3 Universal seq primer (n-2)
3' TITTTTITTTTITIITY

Bridge probe

Primer round

. Un‘rvesr_sal seqprimer (n-3) (o000 e

. Unive;}al seqprimer(n-8) .o oo

LI LI ele e|e

® Indicates positions of interrogation

Ligationcycle Ml 213 4 5 6 @




SOLID System Color Space di-Base Coding

o Each base is interrogated twice, and the information
about each base is included in two adjacent pieces of
color space data

CGGTCGTCGTGTGCGT

e E—
——

A;C' GTG' TT C'GTTTC' G TTG'T'GTC'G'T
0000000000000000

e Unique built-in error checking capability distinguishes
between measurement errors and true polymorphisms

Advantages of di-Base Encoding
- SNP vs Sequencing Error

A:C:GGT:C/GiT:C:GiTG:TGC/GT reference

PO0PVOOVDODODOOOO®D cexpected
SNP 0000000002000 000 observed

A‘C'‘GG'T-C'GC-CGTGT'GCGT

A:C:-GG TT~C1G °T-C-G1T G-T ﬁ p -GTT reference
PCOODOOPODODOODOOOD expected
error Y N F Y Y I XYY Y N

AlclgigiTiclgiciTialcialcialTiale
observed




Primary Analysis

1st Base

Output : * - CSfaSta Double Interrogation: Each base is defined twice

00

A‘—‘—b’ri—‘—bcd—“‘—rbgq—‘—bp‘

>443_1088_005_F3
T32311301011311231133321301012223110
>443_1088_006_F3

T13211113031122103020002220012122101

SOLID v4 Performance Specifications

Read Days / Total Mappable
Length Run  Tags/Run Data
1x35bp [3.5-45 [>700M [25-35GB
1x50bp [6-8 >700M [40-50GB

Library Type

Fragment

Paired-End [50x 25bp |11-13 >148B 55-70GB

2x35bp |8-9 >1.4B 50-70GB
2x50bp |12-16 |>1.4B |90-100GB

Mate-Paired

o 2 slides per instrument run/independent
o Ability to barcode and/or divide slides
o Very high accuracy data due to di-base encoding




lon Torrent Personal Genome Machine (PGM)

Nucleotide ——— -
incorporates Hydrogen ion
into DNA “ is released

« Semiconductor technology transfers chemical
information to digital information.

lon Torrent PGM

» Fastest sequencing workflow
» Two-hour sequencing run for up to 200 bp reads
» Fully prep 8 samples in parallel in less than 6 hours
e One instrument, your choice of throughput
» From 10 Mb to > 1 Gb of highly accurate data
o Unmatched uniformity of coverage
» Simple natural chemistry results in unmatched uniformity of coverage
o Complete range of applications

» Amplicon sequencing, microbial sequencing, RNA-seq, ChlIP-seq,
methylation, paired-end




NGS Applications

SOLiD™ Applications ]

Genome Transcriptome

Whole Genome Resequencing
Targeted Resequencing ’

" ~ Gene Expression Profiling
L/ Small RNA Analysis
7z

d(" Whole Transcriptome Analysis

De Novo Sequencing
Metagenomics

Epigenome
Chromatin Immunoprecipitation
Methylation Analysis
ied
@ biosystems
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Intersection of WGS, Target-seq and RNA-
seq

Valid

SVs/
ot

Koboldt et al. Brief Bioinform. 2010 11:484

Clinical Applications

o Detecting Mutations in Disease Influencing Genes
o Simultaneously Screening Genetic Diseases

» Discovering Disease Influencing Genes

o Personalized Sequencing

o Improved Cancer Diagnosis and Treatment

o Studying Epigenetics

o Identifying Structural Variants

» Identifying Fusion Genes

o Pathogen Detection and Screening

11



A de novo paradigm for mental retardation ngaemrrleetics

Lisenka E L M Vissers"2, Joep de Ligt!:2, Christian Gilissen!, Irene Janssen!, Marloes Steehouwer!,
Petra de Vries!, Bart van Lier!, Peer Arts!, Nienke Wieskamp!, Marisol del Rosario!, Bregje W M van Bon!,
Alexander Hoischen!, Bert B A de Vries!, Han G Brunner!? & Joris A Veltman!?

EEr - Family-based exome
sequencing approach
Read mapping and tO teSt the de novo

variant calling

...» Default mapping settings mutatlon hypOtheSIS In
--» High-stringency variant calling ten i nd |V|d uals with
*eeew Exclude low quality 3
Y unexplained mental

l Variant aialysis retardation

» Exclude nongenic, intronic and synonymous
+«»Exclude known SNPs and in-house database ° Found and Valldated
> unique non-

""""""" * Exclude inherited
[j:] synonymous de novo

i ereens Exclude non-validated : ; H
N weeees Exclude inherited mutations in nine

Imerpre:aﬂm *Test oceurrence in control cohort g-enes. S|X Of them a.re
likely to be pathogenic.

Gene function Mutation impact

Comprehensive long-span paired-end-tag mapping reveals
characteristic patterns of structural variations in epithelial cancer

genomes @ q

Axel M. Hillmer, Fei Yao, Koichiro Inaki, et al.

eeeeee Eucsionof PETs an adsptar gaton o The authors applied paired-end-
ditag (PET) based NGS approach
to identify of breakpoints within
repetitive or homology-containing
regions

o Their approach resulted in a
higher physical coverage
compared with small insert
libraries with the same
sequencing effort.

o The PET approach can also be
applied to address complex
biological questions such as how
cancer cells progress and how
stem cells maintain their unique
properties.

12



Sclcher Development of Personalized Tumor Biomarkers Using Massively Parallel

Vil Sequencing

Rebecca J. Leary, et al.
Sci Transl Med 2, 20ra14 (2010);
DOI: 10.1126/scitransimed.3000702

‘ Plasma or other
bodily fuids

- =

Neﬂ-genemnon il
Male-pair sequence  mm——mm mm—mm

analysis = - = - i el Thenagy
i \
l i \ e
i \ |
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.—- Time g

Quanitative measurement of personalized

Identiication of atient-specic ; =
biomarker for tumor moritoring

fearrangements

o The authors used SOLID mate-
paired strategy (personalized
analysis of rearranged ends
(PARE) approach) to identify
individualized tumor-specific
rearrangements from a small
subset of individuals.

e Analyzed 4 colorectal and two
breast cancers, and identified an
average of nine rearranged
sequences per tumor.

o PARE offers an exquisitely
sensitive and broadly applicable
approach for development of
personalized biomarkers to
enhance the clinical management
of cancer patients

Genome-wide measurement of RNA secondary

structure in yeast

Michael Kertesz'*, Yue Wan**, Elad Mazor', John L. Rinn®, Robert C. Nutter®, Howard Y. Chang® & Eran Segal'”

5'cap

/ e \
a §
: é FANase V1 digestion

nature

« The authors developed a
novel strategy called parallel

B b analysis of RNA structure
et (PARS) based on deep

—[ri— P -y N sequencing fragments of
lﬂandw fragmentation l Random fragmentation R NAS

—[sr f—son ¢ [+—s0—— o Simultaneous in vitro profiling
| Sy | of the secondary structure of

1 profile $1 profile

4
i
AGGCAUGCACTU

Numbe
of reads

B 8 b
AGBCAUGCACCUGGURGCUAGICUURRREE
‘Tt

V)
Si

e » A

PARS score

i IP """ |

RBGCAUGCACCUGGUAGCURGUCUUUARACE.

GUAGCUAGOCUUURRAG

thousands of RNA species at
single nucleotide resolution

« |dentify over 3,000 distinct
transcripts structural profiles
in yeast
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Next-generation sequencing to generate interactome

478 | VOL.8 NO.6 | JUNE 2011 | NATURE METHODS

Haiyuan Yu, Leah Tardivo, Stanley Tam, Evan Weiner, Fana Gebreab, Changyu Fan. Nenad Svrzikapa,

datasets

a

P f
m:';r;:m Sequence tags (STs)
X and ¥ and ISTs

i i

retaae =IST,
Xy Y ST X, ST Y,

S Sanger - IST,
X," ¥, _sequencing _ ST-X, s y, ¢ Costand

s Te————— labor-intensive
+ =I5

Trl
ST-x,, STV

I
<I

Stitched XY, sISTs

L2

Nexl-gene(alion sIST, & o
sequencing SIST, o:!';: 'Zgllve

Py iy

- = IST,

'n"Tn

V‘\ \X, pcn
82bp

sm::hmg

I
N

- —

Primers:
’Y PCR DB
+<+ B2-linker-reverse
» AD

<+ B2-linker-forward

e NGS has not been applied
to protein-protein
interactome network
mapping

e The new approach called
Stitch-seq combines PCR
with NGS to generate
interactome dataset

e Detect 19% more
interactions compared to
traditional methods

» Could expand to other
binary interaction assays

Applications Completed by Analytical
Genomics and Bioinformatics Cores

e Transcriptome
» RNA-seq
» Small RNA-seq
» Whole transcriptome

o Genome

» De novo sequencing (bacterial)

» Whole exome capture

» Whole Genome Re-sequencing

» Targeted re-sequencing
» Epigenome

» ChiP-seq

» Methyl-seq (MethylMiner)

e Innovative Projects
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Experimental Design

Plan Your First NGS Experiment

e Sequencing platforms

o Library type

e Sequencing coverage

o Read length

e Accuracy

o Multiple

» Control

» Replicates

o The number of target regions

15



Select the Sequencing Platform

Experimental approach

Assembly of
genome de novo

Features Technologies

Gene expression solp
analysis i W

’ <N = 1
SNP identification < Accurate reads \ 454 GS FLX
Redseqci‘ er‘ming ,/ l Pacific
iNdividuals in

| population ,v blosdences
Non-coding RNA f ‘ éolem .
characterization |
Assembly by Heliscope
alignment ‘

Identify protein
binding sites

Metagenomics

Nature Reviews | Microbiology

MacLean et al. Nat. Rev. Microbio 2009

Select Library Types for Different Applications

I mal N @ = 5

Experiment-Specific
Multiple Library Types for Different Applications

Fragment Libraries *DNA sequencing
FW Adapter REV Adapter *(Targeted) Resequencing
e" " e DA RO it : 3 SAGE or6l SAGE

150-200 Bases + SNP Discovery

@S sy

cDNA 1540 Bases Gy 2
oo —— + Sample Multiplexing
R Barcode
Mate-Pail’ed Library * Whole Genome Sequencing
. Internal ) * SNP Discovery
= FW Adapter Adapter * Digital Karyotyping

—_— T * Methylation
50 base Tag #1 50 base Tag #2

© © 2009 Appied Biosystems
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Advantage of Mate-pair/Paired-end reads

Mate-paired read maps uniquely

.............

N ——

fragment read maps to
multiple positions

Inverted orientation

ZIARXR

NS >
- -
7
<~

Mapped end- Span > mean +3 s.d Span > mean -3 s.d

sequence pairs

w PN ZAANA

reference
genome

PN
- ~
- ~

Human test
genome JP—
Deletion Insertion Inversion

How Many Reads Do | Need to Survey the
Transcriptome?

The number of reads needed is dictated by the complexity of application

Application Complexity Reads Estimate mappable Samples
reads needed SOLID 3

Small RNA Low 35bp ~10M Up to 20/slide

Discovery

SAGE Low 35bp 5M 40/ slide

Expression of Mid 50bp Minimum 50M Up to 4/slide

annotated (human

genes

Whole High (alternative 50 bp  Minimum 100 2/slide

Transcriptome  transcripts & splicing million (human)

Discovery

Allele Specific High (variants to be 50 bp > 150 million 1/slide

Expression defined) (human)

* Current best estimates from literature and internal research B i rtems
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Coverage Needed for SNP

100% 4 FUE i s R LN SN R E P RN E K S
pddkhkdkdkiad = “.v‘..-otc‘wis FEREZE ]
£ Lot
FERS
8o% 4—4 3 .
o v*
8 ’
5 5% -
3
g + Homozygotes
g 4 Heteroryotes,
4o -
¥
2% ;
%
] 5 10 15 20 5 30 5 40  Make
coverage

Figure 3. Dependence of genotype calling by dibase sequencing on depth of sequence
coverage. The %dbSNP concordance is shown for homozygous and heterozygous SNPs
at each level of coverage up to 40x. Two reads of the variant allele are required to call a
homozygous SNP while two reads of each allele are required to call a heterozygous SNP

McKernan K J et al. Genome Res. 2009

How to Compute the Sequencing Coverage

« Genome coverage
» Raw genome coverage: mappable read * read length/genome size

e Poisson distribution

f(k; A) =

lambda: average coverage

Akc—/\
k!’

Probability of getting k reads from a base given the average coverage lambda

18



Select Format and Bar-code

3 Slide Formats for Sequencing

Unsegmented
- Quad
Full Slide I
Individual
Samples
2 samples/run 8 samples/run 16 samples/run
Full Quad Octet
Multiplexed
Samples
(16 barcodes)
<16 samples/segment <16 samples/segment
<16 samples/slide <4 segmentsislide <8 segments/slide
x 2 slides/un x 2 slides/run x 2 slidesirun
< 32 samples/run <128 samples/run < 256 samples/run

Basic Data Analysis

19



Overview of NGS-based Analysis Strategies

e Initial analysis
» Mapping
» Assembly

o Application-specific
analysis

Primary Analysis
- DNA-Seq RNA-Seq =

Single reads N at”

" pair end reads

read clustering = do novo assambly
ONA-Seq RNASeq
2, . . ol
oV 4 ~ e new transcriptsiioct
> o £ip
- . AGLTG
romosomal SNP annotation  aiternative spico sites

de novo SN detaction
Downstream Analysis

DNA-Seq ChIP-Seq RNA-Seq

T i

—=Ja
roguiatery natworks.

Meta Analysis
=

Werner Brief Bioinform 2010 11:499

How to Map Billions of Shot Reads onto

Genomes

a Spaced seeds

Reference genome
(> 3 gigabases)

Short read

b Burrows-Wheeler

Reference genome  Short read
(> 3 gigabases)

Extract seeds

Position N
Position 2

CTGC CGTA AACT ANTG

Position 1
4TS ot A

read/
ween COGT AMG =ree

Index seed pairs

Seed index
(tens of gigabytes)

fragment

Concatenate into
single string

Burrows-Wheeler

transform and indexing

ACTC CCGT AGTC TAAT
1

Six seed 2
pairs per

is found

Gonfirm hits
by checking
“ares” pOSitions

Look up each pair read is found
of seeds in index

Hits identify positions

in genome where

spaced seed pair

Bowtie index {3
(~2 gigabytes) H
"

% ACTOCOGTAGTCTARY
-~ v

Look up i B s
‘suffixes” “ . At
of read "’/ /

“eroscamacTemar
Hits identify

positions in
genome where "

Convert each
hit back to
genome location

T Report alignment to user

4—-____— .
Trapnell and Salzberg Nat. Biotechnol. 2009 27: 455
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Popular Short-read Alignment Software

Program Website Algorithm SOLiD e Gapped Pired-
4 g ead S end
http://sourceforge.net/projects/bf
Bfast 0:// 8 [projects/ hashingref. Yes No Yes Yes
ast/
Bowtie http://bowtie.cbcb.umd.edu FM-index  Yes No No Yes
http:, A f .net/bwa-
BWA p://mag.sourceforge.net/bwa: - o\ yo yeg Yes Yes Yes
man.shtml
hashing
MAQ http://mag.sourceforge.net Yes No Yes Yes
reads
http://bicinformatics.bc.edu/marth
Mosaik 0:// , / hashingref. Yes Yes Yes Yes
lab/Mosaik
Novoalign  http://www.novocraft.com hashing ref. No No Yes Yes

Open
Source

Yes

Yes

Yes

Yes

Assembly Algorithms

» http://www.bcgsc.ca/platform/bioinfo/software/abyss

o Velvet

» Needs about 20-25x coverage
» http://www.ebi.ac.uk/~zerbino/velvet/

o AllPaths

» Requires 40x coverage

» http://www.broadinstitute.org/science/programs/genome-
biology/computational-rd/computational-research-and-development
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Overview of ChlP-seq Analysis

[— [ Check sequencing depth J -

“

Sequencing > Ilrnage analysis
platform i[base calling)

s
Visualization

> [ectiond
sequences alignment

35-50 bp

Peak
T{ calling ’-4

[ Quality Control
scores sample

s Other

with g <

Motif
discovery

Relationship

to gene
structure

H‘-‘

browser _ analysis

>
Ll Ivan
advanced

profile ‘
analysis

=

R

f | Gene set
Integration ;
with gene analysis

(_expression |

Nature Reviews | Genetics

Park Nat. Rev. Genet. 2009 10:669

Peak Calling

o Three categories

» TF binding site: a few
hundred base pairs or
less

» RNA polymerase
binding regions: up to
a few kilobases

» histone marks: up to
several hundred
kilobases

e Histone
modification
» ChIPDiff
» ChromasSig

MACS|

SISSRS:——"'*

spp mtc= """"""
spp witd e ——
QUuEST!
Hpeak:__ 1
PeakSeq=-— """
ERANGE js GABP
MCPF i ::‘;’S‘“’:
Sole-Searchb ‘ :
CisGenomes 1

Core peaks-b
0 5 10 15 20

Peak calling program

Number of Peaks (thousands)

Wilbanks and Facciotti PLoS One 2010
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Overview RNA-seq Analysis Pipeline for
Detecting Differential Expression (Part I)

Millions of short reads

Mapping

'Burrows Wheeler Transform | Hash-tables | Unmapped
reads

I

.

Reads aligned to reference

Summarization

Bv COding Sequence’ Bv o e

Table of counts

o

I

Oshlack et al 2010 Genome Biol.

Overview RNA-seq Analysis Pipeline for
Detecting Differential Expression (Part Il)

Normalization

" Betweensample. ||~ Withinsample.

DE testlng v

f Poisson test. 17 Negative binomial test.

List of Differentially Expressed genes

Systems Biology l
" Testforenriched

categories/pathways.

Biological insight

integrate with other data

Oshilack et al 2010 Genome Biol.
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Software and Tools for Differential
Expression Analysis of RNA-seq

» Junction Mapper
» SpliceMap: http://www.stanford.edu/group/wonglab/SpliceMap/
» TopHat: http://tophat.cbcb.umd.edu/
» G-Mo.R-Se: http://www.genoscope.cns.fr/externe/gmorse/

e Summarization
» Cufflinks: http://cufflinks.cbcb.umd.edu/
» ALEXA-seq: http://www.alexaplatform.org/alexa_seq/

» Differential Expression
» BioConductor packages: edgeR, DEGseq, DESeq, and baySeq

o Functional Analysis
» GOseq

Framework for Variation Discovery and
Genotyping

Phase 1: nGS data processing  Phase 2: variant discovery and genotyping Phase 3: integrative analysis

Typically by lane Typically multiple samples simultaneously but can be single sample alone

Input Raw reads . Sample 1], o 4 o[Sample N . .Raw Raw Raw
' reads reads ! indels SNPs SVs
| A /

'
X .

[ External data ]

i X 1
H Pedigrees quv_vn

p variation

. Population Known

: structure genotypes

! i

1| Variant quality |}
1| recalibration ||
; :

'

S

'
Structural : '
variation (SV) H . Genotype :
E i refinement |
. | — 7

------ -

Mapping

Y

Local
realignment

Duplicate
marking

I
o

£
Base quality
recalibration

Y

Analysis-ready :
Output e I.

Analysis-ready
variants

DePristo Nat. Genet. 2011
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Computational Tools for Mutation Detection

o Mutation calling
» DiBayes: LifeTech software

» GATK:
http://www.broadinstitute.org/gsa/wiki/index.php/The _Genome Analysis T
oolkit

» Samtools: http://samtools.sourceforge.net/

» VarScan: http://varscan.sourceforge.net/
e Indel calling
» Pindel: http://www.ebi.ac.uk/~kye/pindel/

o Copy number analysis
» CBS: BioConductor package

» SegSeq: http://www.broadinstitute.org/cqgi-
bin/cancer/publications/pub_paper.cgi?mode=view&paper_id=182

Advanced Data Analysis
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Characterization of TF Binding Patterns and

Gene Targets

11755 B
g Binding sites In Embeyos ,
Binding sites in L1s
3
'g 2
2
<
3"
= Within = a =
Embryos  © ;A°n . Starved L1s 2 ) s e
: ;kzll:;min 3 Signals in Embryos
c . D
Embryos (Specific) Starved L1s (Specific)
s |

B TR ——

JE T S S

celiutar metaboic process g

ey
primary matabotc process  ——"

L e ey —

postembryonic deveiopment
! o . | — embryon devvopment i
00 05 10 15 20 25 30

Fold Enrichment

—
00 05 10 15 20 25 30 35 40
Fold Enrichment

Zhong M et al. PLoS Genetics 2010

Characterization of TF Binding Patterns and
Gene Targets (Cont.)

7N\
/ \Pha-4 Targeted Genes

....“...-u.....

Enrichment Score (ES)
4

A

s

'

Randomized Gene Set

3 ]
1 \
Enrichment E-value

Rank of 8,769 Genes

TIAN ; |

th {ill ~ 33 12e-26 L i 2.4 4.1e-10
iA it
. 32 7e-4 i 11 7.4e-6
{[{HP: Tl

Embryos Starved L1s

Enrichment  E-value

Zhong M et al. PLoS Genetics 2010




Integration of ChlP-seq and RNA-seq

ChIP-seq RNA-seq

< _

/  Scale

= 21—
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An Integrative Approach to Reveal Driver Gene Fusion
from Paired-end Sequencing Data in Cancer
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Useful Links

e LifeTech

» http://www.appliedbiosystems.com/absite/us/en/home/applications-
technologies/solid-next-generation-sequencing.html

« SEQanswers

» http://seqanswers.com/

» http://seqanswers.com/wiki/Software/list

» Blog

» http://rna-seqgblog.com/

» http://mirnablog.com/

Shared Resources

o Analytical Genomics Core (Lake Nona)
» http://intranet/researchsupport/sr/genomicsin/Pages/Home.aspx

e Bioinformatics Shared Resource
» http://intranet/researchsupport/sr/bioinformaticsLJ/Pages/Home.aspx

» La Jolla Campus
» Building 10, Room 2045, 2046

o Applied Bioinformatics Core (Lake Nona)
» http://intranet/researchsupport/sr/bioinformaticsL N/Pages/Home.aspx

» Lake Nona Campus,
» Room A2855
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